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gﬂﬁ' 1 The new drug development process

2. The drug development process

2.1 Discovery and development

" Target selection : tdanngulsne1nsfifiosnITasiae wazfumn Biomarkers flAgatasiy
auRnUnd viledu Target TunsWannen

" |ead identification: 1¥nsguI1NT High throughput screening (HTS) Fadunssuaumsily
robotics #38 advance computer modeling Tun15 identify compound g9 WA “ hits
w30 “ leads ” [ Compound ianusaeengnsse target 7ifoans ] AANEN aansnoongyd

1eNANULTUTUAN

PHARMACY GURU



RD Chapter 1 : Drug discovery and development

"  |ead optimization : \udumeuiiu hits w3 leads 11 modify lasas1mnaall Fsazusuuss

potency, selectivity Wa ¥ ADMET [ Absorption, Distribution , Metabolism , Excretion and

Toxicity ] titolsilsl Compound finsauiduen

2.2 Pre - clinical Research (in animals)

Patient | Typical number | Success

Fhn. FINGNGY pons e monitor | of participants rate s
Preclinical | Testing of drug in non- unrestricted scientific not applicable (in
human subjects, to researcher vitro and in vivo
gather efficacy, toxicity only)

and pharmacokinetic
information

gﬂﬁ 2 Pre - clinical Research

®  Pharmacology: efficacy (dose-response)

R/
0’0

\/
0’0

/
0’0

Primary pharmacology : 11 main mechanism 7 §uWus U therapeutic effect 19y
miaaﬂqwélﬂuwu agonist/antagonist, N1353UAU receptor, potency (EC50), IC50
Secondary pharmacology: quwéguﬂ FuenmilenniutuneJouen Felidumidi
NANITINY

Safety pharmacology: Usehiiunn dose i therapeutic dose wiownnninfienavinli
\im risk laednwn 3 nalnuan “Core Battery Studies” [ Central nervous system,

Respiratory, Cardiovascular ]

®  Ethical issue in animal study

** 3Rs

O Replace: alternative techniques 1u cell culture

O Reduce: minimum of no. of animals used WAL N ADINYIND

O Refine: minimize pain and suffering

" Toxicology: safety (OECD guidelines)

** General toxicology

\/ . . = 1w P v a @
** Genetic tOXICOLOgy Wﬂﬁ@U@ﬂWﬁNNﬁﬁﬁwuqﬂiﬁJ mamaimmmmmawua

O Single-dose toxicity : 11 dose 7 ¥1131A acute toxicity 47t 8111 LD50 Tng

d49Ln® onset, duration Wa g severity U84 toxic signs LY U W f A NITU
LUA sundas, d12Ua 8y, tremors, convulsions, n15118la, body weight,
coma

O Repeat-dose toxicity : Lﬁa@msmﬁammawaam lab #1199 1w AST, ALT,

total CHL, TG mstUasuluasasinin organ Lieu1 chronic or long tem

toxicity lngszagLIa1n1sANI UL single-dose toxicity

s

]

/7 . ..
** Carcinogenicity

X8 Reproductive and developmental toxicology
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O Fertility and early embryonic development- @ni Lﬁaawa"ua\‘im@iams
fanssduavmsnlunsssd
O Embryonic fetal development- ﬁﬂmmwlﬂuwyﬁg?ﬁmiﬁ
X Special toxicology studies
O Acute dermal irritation
O Intravascular irritation
O Teratogenicity
O Mutagenicity
#* HuIND (Investigational New Drug) application 11 FDA Aoun1sfnun cLinicaLI@‘c’JLﬁamsLu IND &
Faeluil
®  Preclinical work (animal study and toxicity)
®  The candidate drug’s structure
®  PK/PD, side effects
®  Manufacturing information
®  Clinical trial plan

2.3 Clinical Research

Phase P RTRr nl Basa Patient Typical number | Success Notes
monitor of participants rate
Phase | Safety and dosage often clinical 20-100 normal approxim determines whether drug
ranges, as well as subtherapeutic, researcher healthy volunteers ately 65% is safe to check for
potential toxicity of the but with (or for cancer efficacy
new drug ascending drugs, cancer
doses patients)
Phase Il Efficacy and side effects | therapeutic clinical 100-500 patients approxim determines whether drug
dose researcher with specific ately 40% can have any efficacy; at
diseases this point, the drug is not
presurmed to have any
therapeutic effect
whatsoever
Phase Il Efficacy and monitoring therapeutic clinical 1,000-5,000 approxim determines a drug's
of adverse reactions dose researcher patients with ately 50% therapeutic effect; at this
and personal | specific diseases point, the drug is
physician presumed to have some
effect
Phase IV Safety and efficacy therapeutic personal anyone seeking N/ A watch drug's long-term
(Postmarketing dose physician treatment from effects
surveillance — watching their physician
drug use in public)

Source: hitps:renwikipedia.org/wiki/Phases_of_climical_research
gﬂ'ﬁ 3 Clinical Research
ol 1 AnwnuUasnde (Phase | : Safety and dosage)
ndwninisvaaeduniefuinig wazAuaiIdeludaieass nsfnwinnulasasely
swoedl 1 Beldidudunoududuromsiuune uartafuifinsnuluiyged lasaglweud

LY a o = o | ld‘ ¥ a LY 1 Ya 4‘ =
DEFAUATFUNING 31U 20 919 100 AY wazdLluniavdesinniueaiatinsed19inadn iiadnw
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N139ATY N159BNANT N1INTLLIMVBWINTNINEADIT NN BLLLE FalAnuuans1Indninaass
Usinuegndeeiganlilumsshviwsvunegmaiaaiannsodnnlylalaglifinnetafes sauns
Amgiafswihiiatunnmsldalusuniiunnaisiu daluanssesiaznduldinanuaensditlu

@ @ A aa o & oA v = ] v =
nsangwudaiinnuitued1eds WngagliinanUsvanm 2 heulunsvaaeusiie 4 gaving sl

g Ng9saay 70 Whiufaunsaaumsnessesilule

soedl 2 AnwUs=anSnTm wazn1azunsndou (Phase Il : Efficacy and side effects)
piiEuszoed 1 IfdgldTunsfinndszaninmneess uazamsunandeulussesdud
o1afnduldvesenlunguithefdulsn ilenmunaenfivnzausomssnululsmiug Tusseriladd
naduideutud 2 3 uasfestifthefinifismesiomsfin ( 100 - 500 Au ) Fsunsadserades
fiovanadirsimateosny ieThelduadivesivasauron sl doAuganisfnwasie

WlgaUszanusagay 33 Navanunsanauasiule

zez?l 3 AnwNUsEaANSAIW wazRnauIn1slunaUszaeA (Phase Iil : Efficacy and monitoring

of adverse reaction)

msanwluszeriagvilunguithelulsaiaulasnniundnszesn 2 dhaeddenaalnslums
AFuALA 1,000 D4 3,000 AU warAsldiaaneUlunisanulusseyi InendsUsyanm 1 - 4 U

) = & & ao e v v o @&

vnsssanwlussegioradunisisvsnaveiiienaadasdrunuanniuais qussinanilan
uimsiTeuiieuiivemasn viegunasgrunldeglutanti wasnsveseuufnieweseiileld
swnufugsindu e lanudn selomimenssnuAuiniwe el uaze1nis iU syasivion
Wndulalusgered UaseINMs i svasidanauialatasunn wilinnugunsdidin nsnd

o L v = S a ° ' = o Y v
panadpslliioae warldszasanfnwduiiuluvirlinsiuiwanauanlaegspsuiau a1n

= Y E N v = ° & = = ° |

nsAnwanuILileduanssestiavlieniiesdosar 25-30 ez Wvunadeugnionsdimviielu
Noswainnaly

2.4 FDA Drug Review

% U NDA (New Drug Application) n&svin clinical phase IIl §1159udnliiu FDA Inadasiidoya Ao
preclinical 84 clinical phase I Tnendlenniigeddily report Usznounie
® proposed labeling
® safety updates
® drug abuse information
® patent information
® directions for use

®*  manufacturing

PHARMACY GURU



RD Chapter 1 : Drug discovery and development

FDA LI 81A SU NDA 93] review team L @ review Tud@7uv84 clinical data, animal studies vil®
sinaulalunns approve deeely

2.5 EDA Post-Market Drug Safety Monitoring

2829 4 RAANUNAIIIN931%UY (Phase IV : Post-marketing surveillance)
8191 Wun1sAnwluszesi 3 azanansanedvelalurioinain weeg19lsAnisAne
) | e 'z o v P a a Py % )
NAN1I5NYN wara My kifieUseasrdinsindaadad IngazinisAnemunain mainnsidenlusioawae

A o = 1 o da X v o o¢ v o
idunnelunsldenluszezennioll uvsesmansenulifaiuesldaaneUiasunngbiviu

winfinsunsndeunguuss smaniuimagnoeusanmmadeue waviuldnelule
81awey [ Generic drug ] waz 81@137gylnal [ New generic drug ]

1. gy
= giandisy [ Generic drug ; G ]
1. g17ilgnsiiendfiey (active ingredients) uazgunuuen (dosage form) 1ndleuiugn Nieety

o v & Y
wzmaumiumhmummumu

2. rrwanIadulastndeusdaliiinagdrAglud
NUELYR 191078 1 wag 2 inanandwiu asdeslifiveudldln (new indication)

= gaandigylnal [ New generic drug ; NG ]
1. dfunasyunutostudmivayuditgnsmedify uiamiuns wasguuuy o1
wiipuifusiueduuuudiduerlvel (New Drugs) elésuoudRdumsduiurting 2534
2. d3vsandiylminfsuuuuuandinduefuluiinazeynssumsiiansanms Ty
nzifous it iudmiuagedi i ansylnifiasaneyg

2. The drug development process

GENERIC Biobatch Production || Pivotal Bioequivalence
(2-3

2-3 months) (4-6 months)

Pilot Bioequivalence | ——y

e
(4-6 months) m»
—

| Product Development -
1 (4-6 months) \

Stability Data FDA Review
(4-6 months)

3‘1.1‘17: 4 Generic drug development process

v
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FukuUInka YN eesiaaeuan vaslan1zvewe warjukuuamandasindidiuusenoveyls 4
nszurunsndswuulnu ieilieliiduteydlunsfinsuntsnisesnuuundnsusieadysel

2.2 N159PNWUUKAASUNE AT LaYATLUIUNITHED

Tiigaauszasivasnsiamng hdesnslindasasitunguiuslaauuulu iielflumsanm
feunaRuinFy ﬁﬁgumaum'ﬁﬁwmqmﬁﬁu Frnswan Mafuvinenman nseenuuUFmATIAY
40N ST INNTORNLUUNTANE Bioequivalent studies Fwanansathudnnsves QbD wldlums
ooNUUUNANSTUIENM I lsmnseiife sy avn manndu

2.3 @AnwikazySyudisusennae@tuAnaLn JWiUg 8 ULUY

prantlyiimuduaglifinnsfinenerdtdnuseludnineass ualin15@nw1 BE “3e Biowaiver
A A v Ao = a a = | o o ° 9 o " A =
WeguduIadgyiiainiiussanimwiisuvindueauuwuu dusueimegsildlunisiinel BE

AodldsusyaInnaunmas

Innovator product (NDA requirement) Generic product (ANDA requirement)
1. Chemistry 1. Chemistry
2. Manufacturing (GMP) 2. Manufacturing (GMP)
3. Control 3. Control
4. Labeling 4. Labeling
5. Testing 5. Testing
6. Animal studies 6. Equivalent studies e.g. BE, Biowaiver
7. Clinical studies (BA/Safety/Efficacy)
2.4 Bicequivalent studies
ﬁwsﬁmﬁaﬁqaﬁdﬂmmﬁzgﬁﬂ’mmﬁﬁu Faflshetsddny Anause domnensuinnsen deudd
wazsULUUBLABITuiUs WUy Wamsihudivhifestufuensunu asnsmiunlimawmi
e
gniiliisiaainisfne BE g1ifeWinn5AnuI BE
granimdu Aqueous solution (IV, IM, SQ) ° SWS?fQﬁﬁé’ﬂgww%mm’nmm%’m’ﬁﬁl,%aﬁa
Oral solution (syrup, elixir, tincture) sEuITWNansshwlivivieuiue wuwuy
Powder for reconstitution o 17 19U Narrow therapeutic index #3803

Otic products AITUFUN UTIEWINNANITINYIALYUINYT

Ophthalmic products ADUYIIYY

. . g e geanwuulitinmsUuanyasssenluanwue
Inhalation and topical products MLUu

. LAY LU Sustained release
aqueous solution Wkag Gas product

o g1nilAuandivig Physicochemical fioavnli

BA LUasuwUad 1 dAnsazanedniesni 5
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#1971 laiRDainN15ANW BE Y19 ABWINN5ANE BE

mg/ml fUsinanisazateuntosnin 50 % Tu
1381 30 W19l w38 Dissolution test (F2) #1991
PIRULUUBEN A ARy

o iimsgedslumaiuesuIuTLINg
191¢3¢ vi3egadulades uazlinsuususiugs
efignazaneduuBinalumaiuems vies
rowdnszuaden wazsniidu non-linearity
PK

® 19U PIAULNTINNITONMITUAZET RAT1TEUN
Wiuauas AN Trauyaiieduduuszavine

W grauiingnidu, AZT

2.5 Msiuunz Deuenansiay

AULNUNVDINTTUNLL T8 ASEAN

2.6 MIV1BVNAM WaRlUgsERY Production/Commerdal scale
Aosinsfnwudminmaiiussiun mankidmarionnnn Anuvaensieuasy seansmn e
anfedeyanlaainnisfini BE feuwih 43 3 Batches Nnanuwazsaiitaya Dissolution, Assay il

#1997 Batches M5lun15fNw1 BE

NNSANWINOUNITAIRISU [Pre-formulation]

Junildludumounsimungnsiisu Tae Concept/uuamnlunsfinenounsnsisu wang fie dnw
Joyalngilurewingn auaudfimanienmnuazaivewine e lieninsaawisunlamuaings gadud a1mnse
HanlusERUgAAIMNTIH Betayani Pre-formulation dianuddaannlunsasisuen Tneanzenlns Nl

Joganesinuihas Sudusssiniseassmelsiiadosne suldtoyansudu

1. AnaNUREN1I2UBUS (Solid-state characteristic)

B Crystal properties (Amorphous and Crystalline form)
v A (Y [ = 5 v ¥ ' ' o 4 v
sULUU Amorphous Fat3esialii Jusaideu uniunsndeuseuwiasluanaie inliazanglin
winuAsann luvaed Crystalline form finnsdnBesiliusudeu undunsndauseuluanaen
o e 1 v a
inlvaganeen uLAlAIUALR
®  Polymorphism
Junnmzansuilalisuwuuwdnliviareyie lnendniiadtesiian aziiyaion yanaeuvaigiign

wiaza1eu g 138031 Stable form TuvendngUwuudu 138031 Metastable form lagnns
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W& suanmndnluuluwiagshuundn 98ifiav Glass transition temperature (Tg) lngansae
wWisulidusuuwudniiadiesunnindy

Tumandunssuealtlugy Stable form WiainazUdsuamnllidundniuuduenn Jaaiu

N15LA aUAN N I8 98 1915AMNYL Stable form 9 99317 AA 1WA UAIN DI UNT TAZAE 39

Fndudadldastediunisazatevesen

B Salt form

myvieneglusuinde szdwasenuautivesematgusens i Solubility, dissolution,
bioavailability, hygroscopicity, taste, stability, polymorphism 1% W 819 aqﬂug‘d salt form ¢l
muansalumsazatennnd seonaumnzdmiulunmsidenimunmivetiazars i lden
2814l5AnY Salt form %@jmmm%uu ¥irl¥aunaafianansaiiin Hydrolysis Aslannu uavaay

o ° Y & v o ) o w 1 2
asshassiads Sadudenseldumsimunmiugluuuendiansouatya

®  Solvates and hydrates form
Fomsunsndnazaeveindilu e rwsesniaanaen fnavlfsnsnsavarsveeiu

anasluanguiuu Anhydrates
suuuunmuAll (Chemical form)

Aafieaila liun mswaneMimageduslusuuuy Prodrug Liteiunsgauen
pH-pKa

Tumswau$uemi pH vesisuiinasemmsavanouazanunvesen Sazumnsneiululus
azs wafy pH Fnzalunsimusueni Sesdu pH ﬁﬁﬂﬁmmiazmaqa WAZeNGIAIAIM
Asface ogntlsiny uenanquaulRmuMsavateuaznuAvese) Suemlafsrnumineas
uay Compliance Va3l 1y mniden pH finviegaiull eravhlidmase packaging waznns
szenedesrofdenls sislushiuednuenwazeniul sy

dwsuBmaiiunisazaneiivans s wu Wamlieglusuinde Faqnsmandrinenvzdinaiuu
antivnamemmyaeull Taserluguindeasgeautuldinn azanethi

100 |- Acid
90 |-

Non-ionized =
form 50 |-
(percent) -

10
0 1 1
-3 -2 -1 0 1 2 3
[low pH] pH - pKa [high pH]
BH* H*+B
HA H*+ A"

U7 5 Relationship between pH and pKa (Weak acid& Weak base)
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Solubility

' v '
a1 ' ' a

Uadendmariornisazate laun dmidnluana fe Bl vinluanagdsdinisazanes, gamgil

Y
lngily gaungiifiauasiiAnnisazaieiiudu, Msuwinea fie Beansiinsuandann dainlidims
azaeLfiunnnIulume, AuauiRanzueads (Solid-state characteristic)

AuE1 5 lUN1STUNIY (Permeability)

o

A g wad o o - D~ - ¢ aal v = wa
fodunmauiAndAyveswiie lawinewedurudoysadiianuveuluiu ferdnaaudd
youlvduagilieFunwled usendadududon lidndudes disnuauiiid mnfiasaminansis
NIWUIUTZANAIIRIU BCS class wunentu Class I way Class 11l Slonanazanunsanmundusisuls

$undn Class IV Ingnsiinansngy Solubilizing agent wa Permeation enhancer AU

Figure 1

BIOPHARMACEUTICAL
CLASSIFICATION SYSTEM

100
|

e High solubility
104 © High permeability

Il
e | ow solubility
e High permeability

I}
14 e High solubility
* [ ow permeability

v
e Low solubility
e Low permeability

Permeability (1x10° cm per s)

0.1

| | | | |
1 10 100 250 1,000 10,000 100,000
Volume Required to Dissolve the Highest Dose (mL)

Particle Sciences

E‘Uﬁ 6 Biopharmaceutical Classification System

auvaulusiu (Lipophilicity)
Teouoduelusudiuus LogP 7 mMuraainnishasinnszaglutuii wasdu Octanol e

ansarumuutunihlulgA1wIn Partition coefficient (P)

[solute]octanol

1y LogP = lo
s s [solute]water
ansfiveuluduasiinn LogP ge luaaeiiansiiveuthazdien LogP i1 lnsansiiazihunvhiduenfuems
fiAn LogP 1uuan dauansnavidnnyhidusdaasiien LogP 1uau
YUINBUNA
a Yy a v oA & A a ' 1 =
HenATTivuIalnaLABIY Jvuindnioiiunisaraleus e warse1vunlugilay lnad agiving

Auiluvin Direct compression IﬂﬂLﬂ%@dﬁam%"?mmﬂm‘gmﬂ Ioun Laser light scattering, Coulter

counter w3andeganssa sy
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8. Flowability
Wetasiunisiva dafeidesiunisnavese Mslvanietasg Die (Rgdosdiaiminuazarm
[ @
L9 D9LURYN)
o Tapped density — Bulk density
" %Compressibility = x 100

Tapped density
Tapped density

®  Hausner ratio =
Bulk density

®  Angle of repose

UM 7 M33LAT19M Angle of repose

" 11579 Flow rate
\JumstaiminuieBinnsvemeilmariudeads (Orifice) naontian Fudunsinnis
Inalngnse
9. Compression
annsansIvanTinnensavamselneadnnrmmduius e nuuduazusedildluntseen
SaufieiUsouiivant@singnn
10. Compatibility
nmsnageueulidiumusaliniasdie DSC, HPLC Wusilns@nuian peak udsuutadly &

asadnwlannmivdeuvaseyaviefinsamngaslassanamanadl
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